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The theory of polycyclic (aromatic) hydrocarbons (also called ‘benzenoids’) is 
considered basic in organic chemistry. The graph G of a benzenoid molecule B, 
representing the carbon atoms of B and the bonds between them, is a hexagonal 
(honeycomb) system. In Kekule’s valence-bond model of B (which for many purposes 
is still very useful), the perfect matchings of G represent the possible double-bond 
arrangements, called Kekule patterns, of B. Important parameters are the number 
K of all Kekule patterns (the Kekule count) of B and, for a given edge (bond) h, the 
number K(b) of all Kekule patterns containing h. Note that p(b) = K(h)/K is the 
probability of finding b in a Kekule pattern of B. With a high degree of approxima- 
tion, the average bond orders 1 + p(b), introduced by L. Pauling about 1935, measure 
the effective (real) bond strength between the carbon atoms connected by h. Further, it 
is a well-established rule of thumb that the chemical stability of a molecule B with 
a fixed number of hexagons increases with its Kekule count K. 
In graph theory, methods and algorithms have been developed that allow the 
number of perfect matchings to be efficiently calculated for certain classes of graphs 
much more general than the class of hexagonal systems: thus, by these methods. the 
Kekult count and Pauling’s bond orders can easily be determined and discussed in 
connection with other parameters Cl]. 
Simplifying Schroedinger’s equation, about 1931 E. Hueckel introduced his mo- 
lecular-orbital model based on calculations directly using the adjacency matrix of the 
molecular graph G. Again graph theory provides the tools enabling Hueckel para- 
meters of polycyclic hydrocarbons to be efficiently calculated [l]. 
Until 10 years ago, only two pure carbon molecules were known, namely, diamond 
and graphite both of which, as theoretical compounds, are infinite. In 1985, H. Kroto 
et al. made the exciting discovery that also finite carbon molecules exist. The first 
compound found was the carbon football CeO composed of 20 hexagons and 12 
pentagons (like a soccer ball). In the meantime, many other forms (carbon ‘potatoes’ 
and tubes) have been isolated, some of them can already be synthesized, and even 
carbon ‘doughnuts’ and helical ‘snakes’ have theoretically been predicted to exist: 
there are a plethora of new structures, indicating a revolution in carbon chemistry, 
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challenging researchers in many fields, especially in the theory of graphs and poly- 
hedra. In particular, carbon tubules (‘nanotubes’) and derived hydrocarbons (tubu- 
lenes = cylindrical benzenoids), which can be filled with metal, promise significant 
future applications in science and microtechnology. 
Algorithms originally developed for benzenoids can, in an extended form, be also 
applied to tubulenes and related compounds. E.g., for tubulenes the KekulC count 
K can be calculated in a similar way as for benzenoids and, for suitable classes of 
tubulenes, explicit formulae for K have been established and, for tubules of growing 
length and/or circumference, the asymptotic behaviour of K has been determined. 
Particularly remarkable is the fact that quantities closely related to the Fibonacci 
numbers play an important role in the results. 
There is a host of challenging open mathematical (in particular, graph-theoretical) 
problems connected with these new compounds, growing rapidly and opening a vast 
field of future research. 
For more information, the reader is referred to [2]. 
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